The past 5 years have seen the clear recognition that the administration of chemotherapy to patients with initially unresectable colorectal liver metastases can increase the number of patients who can undergo potentially curative secondary liver resection. Coupled with this, recent data have emerged that show that perioperative chemotherapy confers a disease-free survival advantage over surgery alone in colorectal cancer (CRC) patients with initially resectable liver disease. The purpose of this paper is to build on the existing knowledge and review the issues surrounding the use of chemotherapy 6 targeted agents combined with surgery in the treatment of CRC patients with liver metastases, with a view to providing clinical recommendations. An international panel of 21 experts in colorectal oncology comprising liver surgeons and medical oncologists reviewed the available evidence. In a major change to clinical practice, the panel's recommendation was that the majority of patients with CRC liver metastases should be treated up front with chemotherapy, irrespective of the initial resectability status of their metastases.
introduction
The combination of chemotherapy and surgery is currently accepted as the way forward for improving survival in patients with initially unresectable colorectal liver metastases. Standard combination chemotherapy regimens comprising 5-fluorouracil (5-FU) plus leucovorin [LV, also known as folinic acid (FA)] in combination with irinotecan, typically FOLFIRI or oxaliplatin (FOLFOX) have been reported to facilitate the resection of 9%-40% of initially unresectable metastases [1, 2] , with data emerging from randomized trials suggesting that the addition of targeted agents and a third cytotoxic might be even more effective.
Overall, however, there is a paucity of randomized trial data in this clinical setting, and the wide differences in the liver resection rates reported for different trials in large part reflect the differences in the criteria for resectability/unresectability that exist between the different treatment centers and surgeons, in the absence of a clear definition. This in turn impacts on the assessment of outcome. Other identified shortcomings in these studies included inadequate staging, the need for improved patient work-up and poor patient selection, coupled with concerns over chemotherapy-induced liver damage [1, 2] . The pattern of use and timing of administration of chemotherapy are also an issue, with some patients receiving chemotherapy only before surgery, some only after surgery and some both before and after surgery.
Typically, the liver surgeon is faced with three clinical scenarios when assessing patients with colorectal liver metastases: (i) patients with readily resectable metastatic disease, (ii) metastatic disease that is initially considered to be unresectable, principally due to location and (iii) those patients that are unlikely ever to become resectable [1] . Current treatment practice is likely to be surgery for resectable liver disease and palliative chemotherapy for those patients with initially unresectable and unlikely to ever become resectable disease. In any assessment of which chemotherapy regimen is best, there needs to be improved patient classification/staging, to facilitate, for example, a degree of cross-trial comparison in a clinical setting where few randomized trials are likely to be conducted and where resectability is such a subjective clinical end point. A new 'grid' staging system has been proposed that if adopted would allow stratification of patients from the outset, in terms of potential resectability, while at the same time helping to direct their therapeutic management [1, 3] . The advantages of such a staging system would be to alert physicians early to the possibility of 'curative intent' strategies and to provide a clear indication of therapeutic strategy. The ultimate aim would be to facilitate the better stratification of patients for clinical trials. This is particularly important as going forward there are likely to be more first-line randomized studies where resection rate is part of the analysis.
This manuscript presents the consensus clinical recommendations on the use of chemotherapy as an adjunct to surgery in the treatment of patients with colorectal liver metastases, arrived at by an expert group of 21 surgeons and medical oncologists at the Sixth International Colorectal Liver Metastases Workshop. Consideration was given to improving the definition of unresectability, clarifying the impact of chemotherapy-induced liver damage on clinical outcome and defining the best regimens for each treatment setting. In particular, consideration was given to when and where to use specific chemotherapy regimens with or without targeted agents in the treatment of patients with (i) initially resectable liver disease (resectable metastases) and (ii) initially unresectable liver disease (unresectable metastases, comprising both those potentially resectable after tumor regression and unlikely ever to become resectable categories), and relevant trial end points.
toward a clear definition of unresectability
It is clear that the 4-and 5-year survival rates now attainable for patients with colorectal liver metastases are effected by a combination of surgery and chemotherapy [1, 2, 4] . Historically, liver metastases were classified as unresectable if they were large in size, poorly located, multinodular or there was evidence of extrahepatic disease [5] [6] [7] , but even today the criteria differ from center to center and country to country [5, [8] [9] [10] . For example, in 2004, the eligibility criteria for the pivotal EORTC 40983/EPOC intergroup study included 'up to four resectable liver metastases'. The limitation to four visible metastases, however, was not meant as a definition of resectability per se but only as a clear criterion for inclusion [10] . In 2007, Figueras et al. [4] published a study where no predefined criteria of resectability were cited with regard to number or size of tumors, locoregional invasion or extrahepatic disease. The only prerequisite was that resection had to have the potential to be complete and macroscopically curative [4] . Nowadays, it is accepted that experienced surgeons can carry out all kinds of operations, including multiple resections, provided that there is sufficient remnant liver (>30%) and surgery is not too risky due to location (proximity to vessels of the anticipated remnant liver). Other considerations must include the presence of questionably resectable extrahepatic disease and poor tumor biology. However, age is not a contraindication to liver resection in fit patients although mortality of course is higher just because of old age: 4.5% versus 1.5% for patients >70 and <70 years, respectively [11] .
The general consensus of the panel was that there will never be a perfect definition of resectability because of the extremely diverse patterns of disease presentation. However, it was accepted that where possible it was better to remove a metastasis than to leave it in situ and that going forward R1 resections may become an acceptable clinical strategy provided that they confer meaningful patient benefit.
liver damage following chemotherapy
Histological lesions are known to occur in the liver following chemotherapy with the type of lesion being dependent on the chemotherapy the patient is receiving [12] [13] [14] [15] . Vascular lesions can be observed after administration of oxaliplatin-based chemotherapy. Analysis of the impact of vascular lesions on outcome suggests that morbidity and mortality after liver surgery are not increased in patients with sinusoidal lesions but in the case of the most severe vascular lesions (hemorrhagic centrilobular necrosis, regenerative nodular hyperplasia), there is a higher risk of operative bleeding and a transfusion requirement [14, 16] . Analysis of the impact of steatosis on outcome suggests that morbidity is increased but not mortality and that there is an increased rate of infectious complications [17, 18] . While steatohepatitis linked to irinotecan treatment may be associated with increased 90-day mortality due to liver failure after surgery [14] . However, this has not been reported in other studies and many question whether this finding in this study was not related to the duration of treatment [14] .
Two studies, however, clearly show that the morbidity rate is related to the number of cycles of chemotherapy administered [16, 19] . Also, more recently, data on the postoperative complications for the two patient groups in the EORTC 40983/ EPOC study showed 3 months of preoperative chemotherapy with FOLFOX-4 to impact relatively modestly on surgical outcome. In this study, postoperative complications were more frequent in patients who had received chemotherapy and resulted mainly in a prolongation of hospital stay and were reversible. Only one patient out of 180 was refused surgery due to liver damage [10] . The panel also considered the possible effects of the antiangiogenic agent bevacizumab on liver resection amid concerns that targeting the vascular endothelial growth factor (VEGF) may augment chemotherapy-induced hepatic lesions and diminish regeneration after resection. Data from one study showed there to be no major effect of bevacizumab on the incidence of postoperative complications if stopped at least 5 weeks prior to surgery [20] . These data were confirmed by a study of 64 hepatectomies carried out in the United States [21] , a retrospective analysis of 96 patients which suggested a bevacizumab break of 8 weeks before surgery [22] , and by data from the phase IV First BEAT trial [23] . The overall consensus was that neo-adjuvant chemotherapy can induce liver damage but that there are few clinical consequences if patients are not overtreated. Furthermore, bevacizumab treatment appears to be manageable in this treatment setting provided that proper care is taken.
the case for adjuvant therapy
In the United States and Europe, chemotherapy is often administered following liver resection, although the benefit has not been formally demonstrated in clinical trials. It is seen, however, as being a logical extension of the benefit reported for adjuvant therapy in stage III colon cancer [24, 25] , as there are very few randomized studies of adjuvant therapy after liver resection [26] [27] [28] [29] [30] . In the multicenter, phase III, FFCD ACHBTH AURC 9002 trial, 173 patients were randomized to either R0 resection plus observation or R0 resection plus 6 months bolus 5-FU/LV starting days 10-35 after surgery [30] . The 5-year disease-free survival (DFS) rates were 27% and 34% for observation only versus chemotherapy, respectively. The difference was not statistically significant in univariate analysis, but Cox multivariate analysis showed a positive effect of chemotherapy. There was also a trend toward increased overall survival (OS) in those patients receiving chemotherapy. Combination of these results with those of the EORTC/NCIC CTG/GIVIO trial [29] , which had a similar design (see Table 1 ), demonstrated a clear trend in terms of both progression-free survival (PFS) and OS in favor of the chemotherapy arm but again this was not statistically significant [31] . However, multivariate analysis of the pooled data has shown chemotherapy to be a statistically significant prognostic factor. Retrospective analysis of data from the United States and Europe shows better survival in those patients receiving adjuvant therapy after resection of colorectal liver metastases, lending still further support to this idea [32, 33] . A randomized phase III trial comparing infused 5-FU/LV versus FOLFIRI as adjuvant treatment following R0 resection of colorectal liver metastases has reported a median DFS of 24.7 and 21.6 months for FOLFIRI and 5-FU/LV, respectively. The 1-and 2-year survivals were 77% and 51% versus 63% and 46% for FOLFIRI and 5-FU/LV, respectively [34] . The recommendation of the panel was therefore that adjuvant chemotherapy following liver resection should be considered an option in resected patients, particularly for those patients who did not receive preoperative chemotherapy.
unresectable colorectal liver metastases
Combination chemotherapy, typically infused 5-FU/LV, in combination with either irinotecan or oxaliplatin but also triple cytotoxic drug therapy, e.g. FOLFOXIRI, and more recently combination chemotherapy regimens with the targeted agents cetuximab and bevacizumab, can render initially unresectable metastases resectable in patients with advanced colorectal cancer (CRC) [1, 2] . Although this review will focus on liver metastases and liver surgery, the presence of extrahepatic disease no longer precludes surgery provided that it is also resectable [1, 35] . Today, resection rates approaching 20% are rapidly becoming the norm in small single-center and singlearm studies depending on patient selection [1] . As a consequence, 5-year survivals of 50%, after combined treatment, are becoming increasingly common [4] . Current treatment practice for patients with initially unresectable metastatic disease is to treat with the most effective regimen, in terms of response rate and PFS that the patient can tolerate [1] , coupled with the recommendation that surgery should be conducted as early as possible to minimize the effects of chemotherapy on the liver.
So the question then becomes 'what defines the most active regimen in this clinical setting?' In an ideal world, it would be hoped that 'neo-adjuvant' chemotherapy in patients with colorectal liver metastases would not only shrink the tumor but also reduce the recurrence/relapse rate by killing any micrometastases that might remain after surgery. Since response rate correlates with resection rate [36] , regimens that could be selected based on present knowledge are FOLFIRI/ FOLFOX alone, these regimens plus a biologic [1, 2] or triple cytotoxic drug therapy in patients with good performance status [37, 38] . The efficacy of FOLFOX has been demonstrated in large single-center series [6, [39] [40] [41] and today both FOLFIRI and FOLFOX are considered to be effective in facilitating hepatic resections in single-arm studies in selected patients [9, 42, 43] . Increasingly, however, the trend may well be toward the use of three active agents in the form of either combination cytotoxic therapy plus a biologic or three cytotoxics. Certainly, data are beginning to emerge from randomized trials (CRYSTAL and OPUS) [44, 45] of the added benefit conferred by the targeted agent cetuximab on the response rates and resection rates achieved with standard first-line therapies in patients with advanced CRC. In the phase III CRYSTAL trial, CRC patients with unresectable metastases were randomized to receive FOLFIRI 6 cetuximab until disease progression, unacceptable toxicity or withdrawal of patient consent. The addition of cetuximab to FOLFIRI reduced the risk of progression compared with FOLFIRI alone and increased the overall response rate (ORR) compared with the FOLFIRIalone arm (Table 2 ) [45] . The rate of surgery with curative intent was also higher in the cetuximab plus FOLFIRI arm compared with the FOLFIRI-alone arm and the R0 resection rate was increased (Table 2 ) [45] . In two studies, cetuximab conferred an increase in response rate and an increase in resection rate over standard chemotherapy alone, with the benefits being greatest for those patients with KRAS wild-type tumors; CRYSTAL 59% versus 43% and OPUS 61% versus 37% (Table 2) [46, 47] . In a small randomized phase II multicenter study of cetuximab plus FOLFOX or cetuximab plus FOLFIRI in the neo-adjuvant treatment of nonresectable colorectal liver metastases confined to the liver (the CELIM study), response rates of 85% and 66% were reported in the FOLFOX6 and FOLFIRI arms, respectively [48] . In a combined analysis of both arms, the 67 patients with wild-type KRAS tumors achieved a response rate of 79%. Forty percent of FOLFOX6 plus cetuximab patients underwent resection (37% R0), compared with 43% (35% R0) of FOLFIRI plus cetuximab patients and 43% (34% R0) of patients with KRAS wild-type tumors. The high response rates and high resection rates in this study tentatively suggest that cetuximab may increase the possibility of resection for patients with liver metastases. However, no conclusions can be drawn about the contribution of KRAS mutational status to the efficacy outcomes in this study. If the cetuximab data are compared with the data available for bevacizumab in combination with FOLFOX/XELOX in the NO16966 trial [49] , bevacizumab had a significant effect on PFS (9.4 versus 8.0 months, P = 0.0023) and increased the R0 resection rate slightly (6.3% versus 4.9% and 12.3% versus 11.5% for those patients with liver-limited metastases) but had no effect on response rate [49, 50] . Other considerations when choosing a treatment strategy include the requirement for a delay period between the end of bevacizumab treatment and surgery [51] , and the fact that response to cetuximab, like panitumumab [52] , is limited to those patients with tumors with wild-type KRAS mutation status [53] [54] [55] .
Furthermore, in a phase III study, the combination of three cytotoxics, FOLFOXIRI, significantly increased response rate, radical surgical resection of metastases (6% versus 15% R0 all patients, P = 0.033; 12% versus 36% R0 liver metastases-only patients, P = 0.017), PFS and OS compared with FOLFIRI [37, 38] . Indeed, in a small single-arm French study (34 patients), 82% of patients achieved an R0 resection and the rate of complete clinical remission after surgery was 79% with a 2-year survival of 83% following triple cytotoxic drug therapy [56] .
Evidence suggests that no chemotherapy backbone is preferred over another in combination with targeted agents. Cetuximab appears to be equally effective in combination with both irinotecan-and oxaliplatin-based combinations [57] [58] [59] , and the evidence for bevacizumab is similar [23, [60] [61] [62] . The phase III CALGB 80405 trial in which patients are randomized to FOLFIRI/FOLFOX plus cetuximab or bevacizumab or cetuximab and bevacizumab [63] will hopefully answer this question and establish which targeted agent is the preferred combination partner. The primary end point is OS and the secondary end points include response, PFS, toxicity and resection rate. The targeted agents bevacizumab and cetuximab are also being combined with triple cytotoxic drug therapy [64] [65] [66] . The combination FOLFOXIRI plus cetuximab achieved a response rate of 85% and a resection rate of 75% [66] . More recent data from the small Italian phase II trial, presented at the American Society of Clinical Oncology (ASCO) Annual Meeting 2008, showed the three-cytotoxic drug combination FOLFOXIRI plus bevacizumab to achieve an ORR of 75% and a disease control rate of 100% [67] . There may also be a place for new targeted agents in this clinical setting and sunitinib, an oral, multitargeted tyrosine kinase inhibitor that targets VEGF receptor and platelet-derived growth factor receptor (PDGFR) produces liver tumor regression in the first-line setting in combination with FOLFIRI [68] .
Significantly, we do not know for certain that resectability reflects long-term prognosis. The efficacy of a regimen may primarily be related to its ability to induce sufficient tumor regression to permit R0 resection, but probably what matters most is that the occult tumor cells that the surgeon cannot remove are killed, resulting in a long, relapse-free survival (RFS) after resection. The main concern in the neo-adjuvant setting for the treatment of CRC liver metastases is that we have no evidence for the impact the different regimens have on recurrence rates after resection. Disappointingly, for the majority of the patients who undergo hepatic resection secondary to neo-adjuvant chemotherapy, their disease will recur. Although the intent can properly be termed 'curative', cure is rarely achieved. Thus, new trials need to be conducted that link R0 resection to survival and investigate the precise roles of preoperative and postoperative chemotherapy with new trial end points, particularly RFS after surgery, that can provide a better measure of the efficacy of the different treatment regimens.
resectable colorectal liver metastases
Today, chemotherapy before surgery, even in patients with resectable metastases, can increase the complete resection rate, facilitate limited hepatectomies, improve postoperative recovery, treat micrometastases, provide a test of chemoresponsiveness, identify aggressive disease, spare ineffective therapy and prolong RFS. This is supported by the results of the EORTC 40983 study where the PFS rate at 3 years was increased by 8.1% [hazard ratio (HR) = 0.77; P = 0.041] in those patients who received perioperative chemotherapy and 9.2% (HR = 0.73; P = 0.025) in those patients who received perioperative chemotherapy when compared with surgery alone in the actually resected group of patients. Furthermore, singlecenter, nonrandomized studies with XELOX/FOLFOX [69] and XELOX plus bevacizumab [20] support the use of neoadjuvant protocols for resectable metastases. At this time, the use of radiofrequency ablation cannot be recommended to replace surgical resection except in patients with comorbidities that prevent them from undergoing surgery, but it can be combined with resection to allow complete eradication of disease in the liver [70] [71] [72] .
time for a new treatment strategy?
Today, patients with metastatic CRC should be treated by multidisciplinary teams comprising surgeons, medical oncologists and radiologists. Evidence of the benefit of perioperative chemotherapy over surgery alone [10] and the potential benefit of adjuvant chemotherapy (after liver resection) [30] caused a rethink among the experts particularly in terms of the timing of the administration of chemotherapy for CRC patients with initially resectable liver and lung metastases.
Poor prognostic factors for patients with liver metastases are multiple metastases, >5 cm in diameter, synchronous presentation, lymph node-positive primary and high tumor marker levels [73] . Thus, even if the metastases were technically resectable (in terms of number, location and size), the panel considered that if the patient had more than one of the poor prognostic factors listed above, they should be referred for neoadjuvant chemotherapy before surgery. The data from the EORTC study showed quite clearly that nearly all patients were able to tolerate neo-adjuvant chemotherapy. Also, analysis of the PFS curves from the EORTC-EPOC trial shows that the main difference comes after the first 2 months when the curves drop down and then move out in parallel, suggesting that the benefit conferred by perioperative chemotherapy might be a consequence of a reduction in the occurrence of early cancer relapse as a consequence of preoperative chemotherapy. The consensus from the panel was therefore that patients with, for example, a 2-cm solitary metastasis could go straight to surgery, with the recognition that this accounts for <10% of patients seen in routine clinical practice. All other patients with resectable metastases should be treated up front with chemotherapy, with the caveats that the patient is able to receive chemotherapy and the position of the lesion is not going to be lost. The panel also recommended that all resected patients should, if possible, receive postoperative adjuvant chemotherapy based on the data for the resected patients in the EORTC-EPOC trial [10] . In the case of those patients failing to respond, a multidisciplinary team discussion must decide whether it will be in the interests of the patient to change the chemotherapy regimen or to resect their metastatic disease before it becomes unresectable. Fortunately, this situation is rare under modern treatment conditions with only 10%-15% of patients failing first-line chemotherapy. In the future, it is hoped that selection of the systemic therapy regimen, based on biological predictive factors, such as KRAS mutation status, will help to optimize the choice of first-line treatment and decrease the risk of immediate disease progression. It may also help direct second-line 'rescue' treatment strategies with the possibility of resection [63] . However, since surgery is still the only treatment modality that has curative potential on its own, this may appear the most attractive approach in some situations, even if resistance to medical treatment generally means unfavorable tumor biology. The situation is much simpler in the case of those patients whose metastases were initially classified as unresectable, and systemic therapy should be administered until an adequate response has been achieved.
conclusion
The panel concluded that true resectability rates are impossible to come by even from randomized trials. In specialist, centers for liver surgery patients will be directed toward multimodality management including surgery wherever possible but unfortunately this still may not always be the case outside these centers. Also, although the panel agreed that resectability was not a good end point for a clinical trial because it is too subjective, for the patient it is a very relevant end point.
The word 'cure' has changed our approach to patients with liver metastases (Figure 1) . In an ideal world, the aim of treatment would be to achieve good tumor shrinkage which enables surgery; but to capture all the permutations in a clinical trial setting is a major challenge. There is a clear need to distinguish between clinical trials and clinical practice and between agents that induce tumor shrinkage and those that just 'hold' the tumor. After ASCO 2008, there is a growing opinion that FOLFIRI or FOLFOX/XELOX plus cetuximab could be a valuable first-line therapy option for patients with wild-type KRAS tumors, with the same chemotherapy backbone plus bevacizumab for unselected patients or those patients with mutant KRAS.
The problem is that the issue of whether the targeted agents control micrometastases remains unresolved. Hopefully, the adjuvant trials (NSABP C-08, AVANT and PETACC 8) will provide the data going forward. However, the consensus of the panel was that (i) Most patients, i.e. those with both with resectable and unresectable liver metastases (90% of patients), should be treated up front with chemotherapy ( Figure 1 ). (ii) Perioperative chemotherapy is the way forward based on the data from the EORTC-EPOC trial. (iii) However, patients with a 2-cm solitary metastasis and good prognostic features can probably go straight to surgery, particularly if there is a risk that the metastasis may disappear after chemotherapy, making resection of the involved part of the liver more difficult. (iv) Most patients should if possible receive adjuvant chemotherapy after liver resection. (v) However, with regard to the timing of the administration of chemotherapy, the total duration probably should be limited to a maximum of 6 months to include both pre-and postoperative chemotherapy. (vi) There is an urgent need to look at the long-term advantages of chemotherapy and targeted agents in terms of RFS after resection. (vii) A new clinically important end point is DFS at a certain time point e.g.: 6-and 12-month post-liver resection (or 12-to 18-month post-treatment start) and should be discussed as an end point in trials where the liver tumor burden is properly defined. (viii) In the future due to KRAS data linked to EGFR inhibitors, patient populations will have to be selected wherever possible. (ix) Studies with new targeted agents should be investigated second line in the first instance in BOND2-like trials to establish efficacy.
Finally, the panel recommended that the multidisciplinary teams that are involved in the management of these patients must always balance what is technically feasible and biologically sound (with respect to the tumor) against potential patient benefit. 
